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ABSTBACT 

The role of science in bettering society is 
discussed^ Especially in relation to technical advance^aent and j^orld 
politics. Science education ^s discussed as a laeans for pxepariig 
citizens fpr consuaer decisions and teaching ethical values and^ 
judgments/pertaining to society. (MH) 
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THE IMPACT OF SCIENCE fflf WORLD' TECHNOLOGY* 



♦NATIONAL IKSTftVTC, 



Nathan S. WashtotH- 



About thirty years ago,, a leading professor of •astronomy was 
very much in demand as a lecturer. His topic, "The Day the World Would 



Come -to an &id,^*^ was most popular and his regular fee for this— lecture 
was $500. One day a civic group invited him to give his lecture but they 
were willing to pay only^haTf^^f^^ fee. During the lecture, the pro- 
fessor described the ts of radio-active wastes, hydrogen ions ex- 
ploding and melting space vehicles and othei( objects in space. People 
/ 

suddenly found themselves walking in a, dense, hot liquid. At this point 

the«'profe~ssor announced, " Thank ^xSu very much for your kind attention," 

. *' 

and sat down. The person iti charge pf the civic^ group asked the professor 



to please continue to forecasjtr the events that will m^e the world come 
to an end. The professor replied, ''you gave me half of- my fee, so 1 give 
you' half of my lecture." ' • ^ 

/ 

FORECASTS AND DECISION MAKING 



/ 



It is most interesting to observe how human behavior demands 
forecasts or pr^dib^Ions, jaspeci^iif^'^ere personal and public welfare 

* Presented as The First Vaden Miles Memorial Lecture at the annual 
meeting of the National Association for Research in Science Teaching 
on April 25, 1976 in San Francisco, California. 

4 Professor and Coordinator of Science Education at* Queens College of 
the City University of New York. 



are concerned, - For purposes of planning, the Federal ^ovartuDent uses 
forecas^;»-^ertaining to population trends, energy and fopd r^^jt^i resents, 
"^^uppijj^^and demand of manpower, use of natura^^^^re^Ottrtes^ 
^and ^evelopicentr Haay institution^^andagencies thrive becjiuse of 
scientific predictions and technologicaJ^^recHsts and are dependent 
upon the sypG«^''wi^F'which a small number of variables are to&dified by 
intuitive judgments^ ^ At -present, no adequate theory has been proposed 
which provides us with all of the conditions for technological change ♦ 
How accurate are projections based on ..data^ obtaiogd^J^ 1969 to make in 
1976^ a forecast for the year 1986? 

Donald Schon maintains, "•♦•we see forecasts as tools or aids 
for decision rather than as assertionsSfe>rt t^e future. We must look 
to forecasting tools, in their present state, for insists rather thaii^ 
for answe^i^and guard against the public use of forecasts as self- 
fulfilling prophecies. We sfiould seek to* improve forecasting metho- 
dology by detem^ining data requirements and improving data availability, 

and by developing more complete theories of the socio-economic-technical 

(1') ■ , . 

systems in which we are interested." We need to test, confirm or 

disconfirHj previous and correat^^acl^ntifi^c and technological forecasts. 

In teaching science one frequently hears -the importance O'f 

learning science to understand the nature,-' behavior, and predictability 

of science. Students ^eem to think it is .important to repeat or verify 

the "experiment so that the prediction or forecast is correct. Many of 

us were indoctrinated with the^concept that if a hypothesis can be 

verified and forecast, it is scientific. Unfortunately, our 8ci^nti£±Ci.^ 



technology has many variables that cannot be quantified nor isolated ^vi thin 
a given unit of time to yield accurate forecasts* Yet, the collection, 
observation^ Interpretation, and evaluation of data are essential^ for 
• making predictions iiot prophecies, in, order that one can make intel- 
ligent decisions. ^ '^^ 

- / ■ 

POPULATION, FOOD AND ENERGY TECHNOLOGY. 



One of our major goals in science education should be to enable 
individual citizens to make better decisions as consumers of goods, time, 
and services. In recent years, we were confronteci with the problem of 

what source of energy, problems of economifcs of energy and inter- 

/ ' 

tionai implications, conservation of energy and modification of people 
behavior and the possible use of newer technologies to meet future needs. 
Forecasts shoo that there are limits of natural resources; . the continuous 
increase in the demand for energy and food requirements cannot be met at^ 
a future date as long as there remains k geometric progression in world 
population. The 4 billion mark was passed in our world, population in 
1975. Yet the United Nations forecasts that by the end of the year 
— 2000, the world pop ulation will be 7.5 billion, based on the birth and 
mortality rate. The United Nations estimates for every one 'death there 
is 1.9 births. This means that in 35 years,, the population will double 
again. Can this geometric progression of world population be sustained 

V 

' on this planet? What are the economic and political consequence\of^ 
continued world population increases? What are the important implica-- 
tions for world' politics and for levels of living? . 
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* Lester R. Browa reports.,- "In a worl^^^JE-^tfod'^^ whete 
there may not ^be enou^ food to go^artJund, North Me rica roust decide who 



gets how ouch food and on what! terms." .During 1970, there were 56 
million tons'of grain exported from North Anerica compared with nearly 
''lOO million tons during fiscal year of 1975. Th? U. S.'and Canada ex- 
ported enough grain t o feed 600 ■lllion people of India. Since more 



than half oi man's food energy supply^s ^provided by grains-^ wi i e n 'con- 
sumed directly, the aggregate of all grainsseja^s as a food trend 
indicator. In 1970^ theJl^JS^-r-icS^ days b^^^z^eserves of world grain 

In 1972, 1974. ' 

and estimated for 1976, the decline of reserves as days*otH3t^d grain ^ 
consumption are 69, 33, 31-eeepectively . The relentless populatii 
growth, a rising affluence, and a. sudden demand for 'food throughout t 
world make for insecurity and instability. North America is supplying 
almost the entire world with grain. 



SOCIO-ECONmiC AND POLinCAL IMPLICATIONS 



Brown states, "The higji costs of this food price instability 
are economic, 'political, and 'social." Hence, the teaching a|id 

learning of science need to be re-evaluated i^n tfenns of intelligent, 
citizj^n decision making that tak6 into account the economics, political 
and social implications of science litid technology . In teaching science 
for survival,* it is no longer sufficient to teach nutrition based solely 
on crop production, plant reproduction, chemical fertilizers, ^)esticides 



\ 
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versus biological contrpL-af orginisias» Seme will favor interdisciplinary 

* ^ • 4 

courses and programs; others will devise new systems of teaching science 

and its socio-economic and political impact on man throughout all nations. 

Opposing. the notion that "Scientists fatm a privileged caste, 

Eugene P. yigner (Noble Prize in physics^ -l:^63)^writes: "Their social 

and piolitical obligations ar-e the &ame as those of other citiaens^ Only 

when they are better informed on some question than jrcst of their fellow 

citizens do they have the 'special,' obligation, and the privilege, to 

(4) 

convey information- to their fellow mqn." He also emphasizes that 

^-'^ ■ - . . 

scientists should not^^w^t to dictate the wishes of other peoples. 
Alfred Kastler (Nobel Prize in physics 1966) stated that th^e scientists *s 
responsibility ^h^uldf^inform the public when discoveries miOTt lead to 
detrimental effects and, at the same time, objj^ectivlty and the ^voidance 
of whipping up passions should ^be tctaintained. Will scientists join with . 
economists and political^ scientists to advise and-£orecast the future 
ig^lications '<^f^^|le^ need 'for food supply for many nations from North '~ ~ 
America? With the exception of Western Europjs all geographic areas were 
net exporte^rs prior to Worf.<} War ii. Today the picture is very dif- 
ferent. More and more countries are importing more food supplies than ) 
they can produce. Hoy much longer can North America continue. to feed 
the world? More than half of their grain supply are now imported by 
Belgium, Japan, Lebanon, Libya, Saudi Arabia, Switzerland and Venezuela* 

^t should be noted that in recent years on several occasions, due to 

\ ^ ' ' . ' . 

political pressure, exports of •grain were limited to th^ Soviet Union 
and to Poland as recently aa^in the late summer of 1975. And in many 
countries the negative, effects of ecological abuse such^s deforestation. 
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overgrazing, desert encroachment, flooding and soil erosion have added 

to the complex ecooomic probleifis^of the 1970^8. Predictlmrs-^e that 

sca.rcity of food supply will persist and only sporadic surpluses will 

« i* 

appear locally for short periods of time. It also ^pears that depen- 
dence on North America for grain will continue to increase. 

On February 20, 1976 SCIENCE magazine devoted its entire issue 



to materials and. energy. Abelson and Hammond writ^; "Renewable resources 
are crucial to an enduring civilization. Ihe articles herein dealing"' 
with this topic leave the impression that this nation has not yet got! 
its priorities strai^t. Indeed, materials of all kinds are so basic 
to the continuance^ o^ oar society that the country would be well served 

by increased attention and - more to the point - some constructive 

(5) , '^'"X 

action to insure a. continued supply.". 

TECHNOLOGY AND INTEENATIONAL IMPACT 

Hie technology <xf extracting essential metals such as aluminium 
from theirjores may serve as dn illustration which can af^ct a national 
or perhaps an international economy. From the middle ^f the 1800 's to 
the beginning of this century the^ price of extracting a pound of 
aluminium changed from over $500 to mere pennies- per pound after the 
JJall prbces's was discovered. The uses of aluminium In manufacturing 
ipaJterials fo^ housing, small and large electrical appliances and vehicles 
for transportation such as airplanes are yital for a growing economy. 
Ihe^^shortages of a critical material such as the aluminium ore, bauxite, 
were noted in the early period of *World War II,^^irtien"Hltler had to ' 



^conquer The Rohrlaud and other ar^a^ tS'^rfffS^^auxite so^that aluminium 
would be available XO manufacture aircra^<^^.^^^fe' -teaching of the ^xtirao:^ 

Lon of arUQrinium from its ore and its uses' in soclL^^;;^r&^*<lQadequate 
for ci^^jen^^ecision making that affect political and economtc^^a^rvlval, 
Ihe critical ^tewi^ages and their impact on mi^ta^p:ptf^^tical and 
economic needs may determine the nature of ^^^Tn^to^SjZ^xeia^ipxis . 



How will scientific literacy as^^Tt 4? understood 




cKools and 



colleges today help citizens to intelligent ^e^isiop^^king? What is 
the relationship of scientific personn^^to legislators, and govern- 
ment leaders? * 




INTERNATIONAL MEANINGS OF SCIENCE 



During the ^ast-^liree years I met with many scientists and 
science educators from^^various nations and I asked them to express their 
meanii^g of science and how its t^echnology affects the people in their 
nation,^ Edgar Jenkins of England states, "Science is what scientists'* ^ 
do I" He is concerned with the fact that little is known of tKe ways in 
which society produces an^ responds to scieac^ and technology. 'Etjiical 
issues will ccftitinue tp be raised until more resources are, devoted to _ 
the underst^uitftng^^ the interaction - between ^ociety and scienceflrech--^ — 
nology. Jenkinfi '^aaintains that science and technology are among the 
most potent, if not the mo^t potent agencies involved in socialr change. 
He also indicates that today we are more suspicious and even frightened 
5f technology as compared with the recent past. * ' 

IhroughOut the various interviews, discussions avli correspondence 



..with scientists and science educators^ 1 noteS in almost all instances ^ 
t±e neerf for a greater emphasis on technology in our scjt'ence courses. 
R. P. Tisher of Australii suggests that science probably most affects 
people in his nation througji it^^aterial^and Ciechno logical aspects. 
. He also believes that there sh^f^be a greater awareness of befnefits, 
-limitations, arid (Jangerous aspectsN^ls^echnolog advance. To him, ' 
""^S^rience jts an exciting, creative endeavour by man in proviSing^'ex-" 
. planatiotts and interpr^tatio'ns of the* world. The aim, according .to 
Tisher, is to give man the ability to predict and to use, develop andx 
conserve natural resources with a degree TT'^^^l'^e^potxsibili and 
goo,d judgment. The^need for change, modification and flexibility is 



noted among many of the scientists. Hideo Ohashi, Di^eqtor of the Scija 
Education Research Center in Japan 'stated that scientific explanations 
are a creative endeavour of pen and they a^ probabilistic and by no 
•means per-fect. Technological^ progress occurs from such creative en- . 
deavour and adds to the material prosperity of a nation. — 
o To Ohashi, science is a body of knowledge about the nature and 

methpds of acquiring such knowledge or inquiry # In recent years, the ye 
has been a closer, relationship between science and technology^* He finds 



that ^there is a shorter time gap between scientific discoveries and their 

application to the development of technology. . " - 

Several Japanese scientists said that science and technology 
***** 

<• 

have improved the standard of living In Japan; there is no deeper un- * 
derstanding of the 'influence of science and terchnology on the human ^ 
mind. During interviews with the speakei:, the wo.rds "sci'ientific" or 
"non-spientific" were ftequeptly usqd in discussion for advoc.ating qr^ 



opposing given proposals. TChis is a superficial respecl: for science 
and iS/ an. indicatlOTi of its misuse of the word,,, science as -authority. 

IVo. .extreme viewpoints^ of science were expressed: (1) ThoS(^ 
who .believed, that sqience was absolute," almighty without any limitation, 





applicable .to every matter aid denying everything which could not be ex- 

" \ ^ "'J 

plained by science and <2) those who, are "allergic to science." The ^ 

few people who try t6 be scientific in thinkingie^ tionduct themselves 

accordingly th"^'^^j^r^^ofe&s4^nal or vocational aqtivities' do not behave 

the same in their rel^ed.homelife situation.. Hiey live a dual life in 

dnd outside th-e home. * ^ 

Science_JL^-'€raining people to predict the future according^ to 

"HaV^Simay ."bhief supe:jVisor for science in Tokyo. 



SCIENCE FOR GOOD OR 



Other scientists referred to ^science as a way ,of IXfe which 
is universal. Throughout the world, scientists ^tated^^^m^ peoi^le are 
affected by science and that science is international. ^ They Insisted 
that science belongs to all people and can be ts^d to destroy the pre- 
^dices ^and.help unify mankind. Although the average Japanese citizen 
reads al?out science and its technology in* the dally newspaper, he is 
Still afraid of science. Problems such as pollution and. riuclear energy 
confronting Japan have created a real awareness of science in the people 

The continued fear and concern of scienoe^^ mentioned by 
many science educato^^s. .They said that "scicticd^ inquires . into 
quest^-onable matters Of natux^and was attractive to them bbt "on the 



other hand, it seems to be a demon which makes mankind walk th'e way to 
catastrophe." ^ 



Young people in Japan \are approaching, the tieaning of -aclence 

with. much caution. Even though they list the economic and health benefits 

• - « * 

to mankini^,' it was interesting to hfear a ^an 24 years of age in ^Hiroshijta. 

sayin&: "Science, has grown a monster without his yoke called^^^siiilosophy." 

' Tami/of Israel states: "Science helps' man un^rstand his 

environment and the phenomena around liim; it prpvid^s logical means and 

efficient methods for finding explanations to biiese phenomena and '^f or 

solving problems'." He believes that scieii^^^is respected by'most peopfe 

in Israel since it helps dlgye^Sp^the^techn which contribute to ^ the 



Lps dey^ 



Imprpvement pf living' cojiditions and ensure the security of the countryr—' — 

Israeli scientists stated only the positive effects of science 
and technology in terms of ^onomic^^Jttir health and'military 
security. Hie Japanese,, scieiyElsts on the other* hand, cautlpned-pigople 
about the dangers of 'scientific technology./ v \ \^ ^ 

Bronowski propo/es the Principle of Uncertainty in which he 
claims that all knowled/e is limited. He writes:* "Thfere is no absolute 
knowledge. And thosjr who claim it, whether they are scientists or _ 

, * Ti. 54 — 

dogmat:ists, open the door to tragedy." 

absolutism in science as a m^oriJEa^tcff^in having, produced a Nazi 
Germany under Hitler - a principle of monstrous certainty. Itiis t3rpe 
of Conviction is based on do^a,, ignorance and ar^ogance^^ 

Under the influence of sttong passions, scientists also misapply 
or misuse knowledge according to Sarton.^ He" writes: "In any ^case, it • 
must not be arrogant?, rior aggressive, fok" it^jLs— llk^^l otRelr^ings 




human,. es^tially'impej^ecJi.^.Eyery^thing w^iich we\think 02? do is 'relative 

% > * * 

to man. Science is notiS\irig biit the /reflection of jiature in a h^t^an. mirrot. 

We .may improve the mir indefinitely; arid- though we fiay rid it, or 



ourselves, of one 



e of error after another,. it is and wiliralways 



irremediably, hijman. 



.THE.. sciENxisTJAS'jir cixmNr:: 




In recent years, many V^cientists throughout the \»oi|T<have 
• • * 
spoken up forcefully on many major social issues. an intcitview 

wtth the *Nobel Prize wiiffierTin physiolQgy in 1937, Albert^Szent-Gyorgyi 

J- ^ . ' • 

says that he 'cannofisolate himself from liinEra^i^proVlemajJaxjiLh tries to 
briqg peace and human understanding closer together., 

Scienti'^ts are participating as citizens by not only advising 
political leaders but also^ by actively engaging in^t^ussions to in- 
fluence citizens voting oh many social issdes. Sally Zm:kerman who ^ 



was chief si:ientific adviser^o the Bi^tish gbyemqient until 1971 writes 

scientists and 



on the mutual tolerance t:h;at shouldJgBeyj^t^l^ 
politicians. From his experiences, .politicians are usually more 
sympathetic and show greater respect to claims made by scientists. The 

scientists do not show the equivalent* degree pf understanding about 

. ' ^' • • * ' ' ' ' 

political problems' according to Zuckerman. ^ ** ^ . 




TEACHING SCIENCE FOR TECHHOK)Gy 



Finally, teaching the impact of science otf^wprld-te^hnoLpgy 
requires a humanistic scientific approach and serious consideration 
should, be given to ethical values and judgaents. The learner needs to 
recognize his attitudes and ezcotious as he relates to the applications of 
science and to society and to himself* Science is no longer impersonal. 
In teaching scien^e^ ve should ask ourselves what ar^ the consequences 
of applying' sCieritt^ic'^Taiowledge. or research. Have we exhausted *th^ 



understanding t>f various alternatives? Cm'l/S^^Bmphasize the learning 
of what we don^t know in science to stimulate further research and , ^ 

development? How do people learn that. scientific research is dynamic t 
and that the most prevalent coqstanf in c science is change? Witlj rapid 
changes in world technology our curricula need to be modified to include 
Hu^oanistic and objective bases for intelligent decision making in solving 

pxtDblems of food, .energy and population. Along with jjurricula changes 

' '* . ' . ' ' 

that include technology, the personal interaction between learner and 

teacher, scientist politician, citizens and their intelligent behavior 



witb other societ^'es are faeCe^sary if what we teach is ^o produce ef- 



fectiye surviva/ this planet. 
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